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Case No.: POWRD-015A 
Pat. Appln. 

PREAPPLIABLE PHASE CHANGE THERMAL INTERFACE PAD 
5 Background of the Invention 

Interface systems for use in transferring heat produced from a heat-dissipating 
electronic component to a heat dissipator or heat sink are well-known in the art. In this 
regard such electronic components, the most common being computer chip micro- 
processors, generate sufficient heat to adversely affect their operation unless adequate 

10 heat dissipation is provided. To achieve this end, such interface systems are 
specifically designed to aid in the transfer by forming a heat-conducted pathway from 
the components to its mounting surface, across the interface, and to the heat sink. 

Exemplary of such contemporary thermal interfaces are THERMSTRATE and 
ISOSTRATE (both trademarks of Power Devices, Inc. of Laguna Hills, California). 

15 The thermstrate interface comprises thermally conductive, die-cut pads which are 
placed intermediate the electronic component and the heat sink so as to enhance heat 
conduction there between. The THERMSTRATE heat pads comprise a durable Type 
1100 or 1145 aluminum alloy substrate having a thickness of approximately 0.002 
inches (although aluminum and/or copper foil thicknesses may be utilized) that is 

20 coated on both sides thereof with a proprietary thermal compound, the latter 
comprising a paraffin base containing additives which enhance thermal conductivity, 
as well as control its responsiveness to heat and pressure. Such compound 
advantageously undergoes a selective phase-change insofar as the compound is dry at 
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room temperature yet liquifies below the operating temperature of the great majority 
of electronic components, which is typically around 51°C or higher, so as to assure 
desired heat conduction. When the electronic component is no long in use (i.e., is no 
longer dissipating heat), such thermal conductive compound re-solidifies once the same 
5 cools below 5 TC. 

The ISOSTRATE thermal interface is likewise a die-cut mounting pad that 
utilizes a heat-conducting polyimide substrate, namely, KAPTON (a registered 
trademark of DuPont) type MT, that further incorporates the use of a proprietary 
paraffin-based thermal compound utilizing additives to enhance thermal conductivity 

10 and to control its response to heat and pressure. Advantageously, by utilizing a 
polyimide substrate such interface is further provided with high dielectric capability. 

The process for forming interfaces according to contemporary methodology is 
described in more detail in United States Patent No. 4,299,715 issued on November 
10, 1991 to Witfield et.al. and entitled METHODS AND MATERIALS FOR 

15 CONDUCTING HEAT FROM ELECTRONIC COMPONENTS AND THE LIKE; 
United States Patent No. 4,466,483 issued on August 21, 1984 to Witfield et. al. and 
entitled METHODS AND MEANS FOR CONDUCTING HEAT FROM 
ELECTRONIC COMPONENTS AND THE LIKE; and United States Patent No. 
4,473,113 issued on September 25, 1984 to Witfield et. al. entitled METHODS AND 

20 MATERIAL FOR CONDUCTING HEAT FROM THE ELECTRONIC 
COMPONENTS AND THE LIKE, the contents of all three of whch are expressly 
incorporated herein by reference. 
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The prior art of adhesively bonding a thermal interface to either the electronic 
component or the heat sink is likewise well-known. Such practice facilitates handling 
and expedites installation of the interface, as well as allows the heat conductive 
interface to be sold along with either the electronic component or the heat sink already 
5 in place there upon. According to contemporary practice, however, the use of an 
adhesive material to attach the heat conductive interface to either the electronic 
component or the heat sink is generally undesirable. In this regard, by introducing an 
additional layer to the interface system, namely in the form of adhesive, the ability of 
the interface to conduct the flow of heat thereacross is substantially reduced. As those 

1 0 skilled in the art will appreciate, the addition of a layer of material to an interface 
system, which is already typically compromised by virtue of its multi-layered 
construction, contributes three distinct impediments to heat flow, namely, each layer 
introduces the material of which the layer itself is comprised- - across which the heat 
must be conducted - - as well as creates two (2) interfaces at either surface of the 

15 adhesive layer. 

Thus, it will be appreciated that it is highly desirable to minimize the number 
of layers, and consequently the number of interfaces, comprising an interface system. 
Along these lines, it has been found that the use of a thermal interface having six or 
more layers do not provide desirable heat transfer from a given electronic component 

20 to the heat sink coupled therewith. The use of an adhesive, and more particularly a 
layer thereof for affixing an interface system between and electronic component and 
heat sink further contributes to such inefficiency by introducing yet another layer at the 



electronic component/heat sink interface. Accordingly, there has been and continues 
to exist a recognized problem of finding methods to securably mount such interface 
systems in fixed position between an electronic component and a heat sink, particularly 
through the use of adhesives, without such adhesive layer extending across or 
5 otherwise obtruding upon the interface mating surface across which heat is conducted. 
Additionally, it should further be noted that from a practical standpoint, the 
manufacture of interface systems having multiple layers is known in the art to be 
expensive, and adding yet another layer of adhesive further compounds the expense and 
complexity associated with such interface fabrication processes. 

10 As such, there is a considerable need in the art to provide a thermal interface 

having a minimal number of layers that provides adequate heat dissipation from an 
electronic component to a heat sink, but further utilizes an adhesive to attach the 
interface to either one of the electronic component or the heat sink coupled therewith. 
There is a further need in the art to provide a thermal interface which is adhesively 

15 bondable to either an electronic component or the heat sink coupled therewith which 
further does not substantially increase the manufacturing cost thereof, as opposed to 
contemporary interface pads. There is yet an additional need in the art for a thermal 
interface that, through the use of novel heat conductive compositions, is more effective 
in transferring and, hence, dissipating heat generated from an electronic component 

2 0 than prior art interfaces . 
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SUMMARY OF THE INVENTION 

The present invention specifically addresses and alleviates the above-identified 
deficiencies. In this regard, the present invention is directed to a thermal interface that 
more effectively facilitates the transfer of heat from an electronic component to a heat 
5 sink than prior art interfaces that can further be adhesively bonded to such 
componentry without diminishing the ability of the interface to transfer heat 
thereacross. According to a preferred embodiment, the interface comprises a generally 
planar substrate, which preferable comprises a layer of foil having excellent thermal 
conductivity, such as aluminum. Formed upon the opposed sides of the substrate are 

10 layers of a heat-conducting material formulated to enhance heat transfer from the 
electronic component to the heat sink. Preferably, such heat-conducting material 
comprises a graphitic allotrope composition formulated in accordance to those graphitic 
allotrope compositions disclosed in Applicants' co-pending patent application entitled 
GRAPHITIC ALLOTROPE COMPOSITION INTERFACE AND METHOD OF 

1 5 FABRICATING THE SAME, Serial No. not yet assigned, the teachings of which are 
expressly incorporated herein by reference. In this regard, such heat-conducting 
material is comprised of a base of paraffin having quantities of graphite particles 
suspended therewithin such that the material exists in a solid phase at normal 
temperature, but melts when subjected to temperatures of approximately 5TC or 

20 higher (which approximates the threshold temperature at which most electronic 
componentry operates). 

To enable the interface of the present invention to be adhesively bonded to into 



position, the substrate is sized to overlap the interface mating surfaces between the 
electronic component and heat sink. Upon the portion of the substrate extending 
beyond the interface is formed a layer of adhesive that, by virtue of not being 
interposed between the heat sink and interface, is selectively positioned to facilitate 
5 adhesive bonding of the interface without interfering with heat transfer. To facilitate 
packaging and handling of the interface of the present invention, there may be provided 
one or more release or peel-away protective liners formed to the adhesive applied to 
the substrate. When in place, the protective liner, which may preferably comprise 
silicone-treated paper, prevents exposure of the adhesive, but when pulled away 

10 exposes the adhesive so as to facilitate adhesive bonding of the thermal interface. 
Advantageously, the thermal interface utilizes a minimal number of layers (i.e. , three 
layers), that are present at the actual interface between the electronic component and 
the heat sink affixed thereto. The additional layer of adhesive used to bond the 
interface into position is kept away from the interface surface so as to not impede or 

1 5 otherwise interfere with the desired thermal conductivity. 

It is therefore an object of the present invention to provide a thermal interface 
that may be adhesively secured in position relative to electronic component in a heat 
sink such that no portion of the adhesive becomes interposed therebetween. 

Another object of the present invention is to provide an adhesively attachable 

2 0 thermal interface that utilizes a minimal number of layers in the construction thereof 
and further, utilizes novel heat-conductive materials that provide far superior heat 
conductivity than prior art interfaces. 



Still further object of the present invention are to provide a thermal interface 
that may be adhesively secured in position relative to heat sink and an electronic 
component that is of simple construction, may be readily fabricated from 
commercially-available material, is relatively inexpensive to manufacture, and may be 
5 readily deployed with conventional electronic an heat sink componentry. 

BRIEF DESCRIPTION OF THE DRAWINGS 
These, as well as other features of the present invention, will become more 
apparent upon reference of the drawings wherein: 

Figure 1 is an exploded perspective view of a heat sink position for attachment 
10 to an electronic component further showing a pre-formed thermal interface pad 
constructed in accordance with a preferred embodiment of the present invention being 
disposed there between: 

Figure 2 is a cross-sectional view taken along line 2-2 of Figure 1. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
1 5 * The detailed description set forth below in connection with the independent 
drawings is intended merely as a description of the presently preferred embodiment of 
the invention, is not intended not to represent the only form in which the present 
invention may be constructed or utilized. The description sets forth the functions and 
sequence of steps for construction in the limitation of the invention in connection with 
20 the illustrated embodiments. It is to be understood, however, that the same or 
equivalent functions and sequences may be accomplished by different embodiments that 
are also intended to be encompassed within the spirit and scope of the invention. 
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Referring now to the drawings, an initially to Figure 1, there is shown a 
thermal interface 10 constructed in accordance to a preferred embodiment of the 
present invention. The thermal interface 10 is specifically designed and configured to 
facilitate the transfer of heat away from an electronic component 12 to a heat sink 14. 
5 In this regard, the thermal interface 10 is specifically designed and adapted to be 
interposed between the electronic component 12 and the heat sink 14. As is well- 
known, such heat sink 14 is provided with structures, such as fins or protuberances 
14a, having sufficient surface area to dissipate the heat into the surrounding area. 
Although not shown, a fan is typically utilized to facilitate such heat dissipation by 

10 providing adequate air circulation over the fins or protuberances 14a. Preferably, the 
thermal interface 10 is die-cut or pre-formed to have a shape or footprint compatible 
with the particular electronic component and/or heat sink to thus enable the thermal 
interface 10 to maximize surface area contact at the juncture or mating surface between 
the electronic component 12 and the heat sink 14. Alternatively, it will be recognized 

15 that in certain applications the thermal interface 10 may be manually cut from a sheet 
of interface material so as to provide a custom fit between a given electronic 
component and heat sink. 

Importantly, however, the thermal interface 10 will include at least one portion 
formed on the periphery thereof that extends beyond the juncture between the 

20 electronic component 12 and the heat sink 14. According to one preferred 
embodiment, such extended periphery will comprise two elongate strip portions 10a, 
10b formed on opposed sides thereof which, as discussed more fully below, are 
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provided with dedicated layers of adhesive to provide means for securing the thermal 
interface 10 of the present invention to the heat sink coupled therewith. 

As illustrated in Figure 2, the thermal interface 10 is comprised of three (3) 
layers 16, 18, 20. The middle or intermediate layer 18 consists of a generally planar 
5 substrate that is preferably fabricated from a metal foil, such as copper, gold, silver 
and/or aluminum, or any other metal having excellent thermal conductive properties. 
Because of its excellent heat conductive properties, coupled with its relatively lower 
cost, aluminum is considered a more highly preferred substrate. In a more highly 
preferred embodiment, such aluminum comprises 0.002 inch thick Type AL1 145. 

10 The external layers 16 and 20 of the interface 10 comprise a thermally 

conductive compound formulated to facilitate and enhance the ability of the interface 
10 to transfer heat away from the electronic component to the heat sink. Such layers 
of thermally conductive compound preferably comprised the novel graphitic allotrope 
interface compositions disclosed in Applicants' co-pending patent application entitled 

15 GRAPHITIC ALLOTROPE INTERFACE COMPOSITIONS AND METHOD OF 
FABRICATING THE SAME, Serial No. not yet assigned, the teachings of which is 
expressly incorporated herein by reference. In this regard, such thermally conductive 
interface compounds are specifically designed and formulated to have substantially 
greater durability than prior art compounds and, as such enable such interfaces to be 

20 utilized and incorporated in remote electronic component manufacturing processes, 
which can enable such componentry to be shipped without incurring substantial labor 
costs. 
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As extensively discussed in Applicants' co-pending application, the thermally 
conductive interface compound which preferably comprises layers 16 and 20 are 
formulated from a base of paraffin having quantities of graphite particles suspended 
therewithal. Preferably, the paraffin component is present in an amount from 60% to 
5 90% by weight, whereas the graphite particles are present in the amount from 10% 
to 40% by weight. In a more highly preferred embodiment, the graphite component 
is present in amount of approximately 35 % by weight. As will be understood by those 
skilled in the art, the percentages of the two (2) components above will total 100% by 
weight. Moreover, if other materials are included in the formulation, the percentages 

10 of all ingredients will still total 100% by weight. 

The graphite component preferably comprises high grade commercial graphite 
powder. The graphite preferably exists as spherical particles having a diameter of 6 
microns or less. Among the types of commercially available graphite powder suitable 
for practice of the present invention include KS-6, produced by Timcal America, Inc. 

15 of Westlake, Ohio. 

The paraffin component of the composition of the thermal composition may be 
of standard commercial grade. Preferably, the paraffin component comprises 51° C 
paraffin wax which, as will be known to those skilled in the art, constitutes a grade of 
paraffin having a specific melting point (i.e. , 5 1 °C). By utilizing 5 1 ° C paraffin wax, 

20 the thermal composition will have a melting point of approximately 50° to 61 °C, 
which will thus correspond to the temperature at which the composition transitions 
from its solid phase to its molten, liquid phase. 
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Advantageously, such melting point is selected to be below the temperature at 
which most electronic components operate. In this regard, such thermal composition 
will only assume the liquid state during the operation of the electronic component, and 
only during such time as the component operates at such elevated temperatures. As a 
5 result, interface surface wetting action is achieved and heat transfer efficiency for the 
component is enhanced forevermore of the life of the component across its full 
operating temperature range. 

Although the compositions of the present invention preferably utilize paraffin 
exclusively as the base compound, petrolatum may additionally be blended with the 

1 0 paraffin to thus form a resultant base compound having a desired hardness or softness, 
as may be advantageous for a given application. Preferably, the paraffin and 
petrolatum components will be blended together such that the ratio of such components 
(i.e., paraffin to petrolatum) is between approximately 1.0:0 to 3.0:1 by percent 
weight. In this regard, as the petrolatum component is increased relative the paraffin 

15 component, the resultant composition will correspondingly be caused to increase in 
softness. 

As will be appreciated, in any formulation the compositions of the present 
invention will have the desired phase change property of remaining in a solid phase 
while in the range of normal room temperature, but as the temperature rise will become 
2 0 plastic. Thereafter, the composition will become molten at higher temperatures, as will 
be encountered by the composition when applied to the interface between the heat- 
dissipating component and a heat sink. In this respect, by assuming a liquid state 
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during operation of the electric component, the thermally conductive composition of 
the present invention will be able to fill those voids or air gaps existing at the interface 
between the component and the heat sink and will thus provide for better contact, and 
thus better heat conduction versus the condition of poor heat conduction if such voids 
5 or gaps were not otherwise filled. 

It will additionally be recognized, however, that although paraffin, and to a 
lesser extent a mixture of paraffin and petrolatum, are discussed as preferred 
components of the composition of the present invention, numerous other natural or 
synthetic materials, for example, waxes or fats, may be suitable for the present 

10 invention. Representative of such suitable materials include, but are by no means 
limited to, beeswax, palm wax, mineral waxes, and/or glycerin, either alone or in 
combination. It should further be recognized that certain vegetable oils may also serve 
as a component of the thermally conductive composition of the present invention. 

In order to impart greater durability and ruggedness to the composition, as is 

1 5 typically desired when taking into account manufacturing and shipping considerations 
for electronic devices, the thermal compositions may further include a polymer 
material, and in particular a synthetic resinous plastic material such as ELVAX®, a 
registered trademark of E.I. DUPONT DE NEMORES & COMPANY of Wilmington, 
Delaware. Such synthetic material may be present in an amount up to 5% of the 

2 0 weight of the final composition. According to a more highly preferred embodiment, 
such plastic material may be present in the amount of approximately 2% by weight. 
In any formulation, the thermal composition comprising outer layers 16, 20 will 



preferably be applied such that the same are approximately 0.00065 inches thick. As 
will be appreciated by those skilled in the art, however, the thickness of such layers 16, 
20 may be adjusted to suit one or more particular applications. 

In order to enable the interface 10 to be adhesively bonded into position relative 
5 the electronic component and heat sink, there is formed upon extended periphery or 
strip portions 10a, 10b of the interface 10 are dedicated layers of adhesive, such as 22 
formed upon strip portion 10b shown in Figure 2. In this regard, the extended 
periphery of interface 10, namely, strip portions 10a, 10b, with adhesive formed on 
a respective side thereof will be specifically sized and formed such that such extended 

1 0 periphery and adhesive layer formed thereon will extend beyond the interface or mating 
surface between the electronic component and heat sink such that the layer of adhesive 
22 does not at any time become interposed therebetween. As such, the thermal 
interface 10 of the present invention allows for an optimal transfer heat from an 
electronic component to a heat sink coupled thereto that further enables the thermal 

15 interface to be adhesively secured in position therebetween, which thus provides 
substantial installation and manufacturing advantages accorded to adhesive attachment 
techniques. As will be appreciated, the adhesive utilized in the practice of the 
present invention may take any of a variety of adhesives well-known to those skilled 
in the art. As will further be appreciated, however, such adhesive is provided only for 

20 the convenience of mounting such interface 10 into position relative in electronic 
component and a heat sink, and is not required for operation of the thermal interface. 
Notwithstanding, to the extent any type of adhesive is utilized in the practice of the 
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present invention, it should be expressly recognized that for optimal performance such 
adhesive must be so applied to the interface system such that the same in no way 
encroaches upon or otherwise becomes introduced at the thermal interface between the 
electronic component and heat sink, which is typical of prior art interface systems. 
5 Moreover, in order to preserve the integrity of the adhesive prior to application 

on the interface 10, it will be understood that one or more release liners (not shown) 
may be utilized to facilitate the packaging and handling of such interface. In this 
respect, it is contemplated that such liners may be peeled or pulled away from the 
thermal interface 10 prior to the deployment thereof. As will be recognized, such 
10 liners may comprise silicone-coated paper and the like, which can easily be peeled 
away. 

As will be recognized by those skilled in the art, the interface 10 of the present 
invention, because of its novel construction, will only have three layers of material at 
the interface between the electronic component and the heat sink, namely, the first 

15 layer thermal compound 16, substrate 18, and second layer of thermal compound 20, 
as illustrated in Figure2. Such construction, due to the minimal amount of layers 
utilized, is specifically configured for optimal heat transmission therethrough, and thus 
is ideally suited for application as a thermal interface for facilitating heat transfer from 
an electronic component to a heat sink. As those skilled in the art will further 

20 appreciate by eliminating additional layers of material, which are typically present in 
prior art interfaces, there is thus facilitated the performance of heat transfer from the 
electronic component to a heat sink. As discussed above, it is well-known that the rate 
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of heat transfer through such interfaces are reduced by each layer added thereto. 
Moreover, due to the enhanced thermal transfer capabilities provided by the novel 
thermal compositions discussed herein and in Applicants' co-pending patent 
application, there is yet further enhanced the ability of the interface 10 of the present 
5 invention to conduct heat thereacross. 

Of still further advantage, because the interface 10 of the present invention 
incorporates a layer of adhesive formed upon a portion of the periphery thereof that 
extends beyond the interface mating surface between the electronic component and 
heat sink, there is advantageously provided means for securing the interface 10 into 

1 0 position without having to incorporate the use of prior art attachment mechanisms , such 
as clips, clamps, fasteners, or other devices that must necessarily be utilized to assure 
adequate contact of the heat sink and electronic device at the interface thereof, as well 
assure that the heat sink remains reliably attached to the electronic component. It 
should be understood, however, that such prior art attachment devices can be utilized 

15 in combination with the thermal interface of the present invention to the extent so 
desired. 

Although the invention has been described here and with specific reference to 
the preferred embodiment thereof, it will be appreciated by those skilled in the art that 
there is modifications, deletions, and alterations may be made to such preferred 
2 0 embodiment without departing from the spirt and scope of the invention. For example, 
it will be recognized that the extended, oversized portion of the peripheral edge of the 
interface 10 upon which the adhesive is applied may be formed anywhere about the 
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periphery of such interface 10 to thus enable the same to be advantageously secured 
into position for a particular application. Accordingly, it is intended that all reasonably 
foreseeable additions, modifications, deletions and alterations be included within the 
scope of the invention as defined in the following claims: 



